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57 ABSTRACT

A bearing component for use 1n anti-friction bearings as a

bearing ring or rolling member 1s made from a steel com-
prising 0.6 to 0.8 wt. % of C, 0.05 to 0.25 wt. % of 51, 0.2

to 0.9 wt. % of Mn, 0.4 to 1.2 wt. % of Cr, one or both of
0.10 to 0.30 wt. % of Mo and 0.03 to 0.10 wt. % of V, and
the balance Fe and inevitable impurities. The steel as hard-
ened and tempered contains carbide having a maximum
particle size of up to 1.5 um, and the amount of the carbide
1s 2 to 7% 1n area ratio. The steel therefore has improved
cold workability, providing bearing components of a pro-
longed rolling fatigcue life at a reduced cost.

11 Claims, 1 Drawing Sheet
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1
BEARING COMPONENT

This application has been filed under 35 U.S.C. 371 from
PCT International Application PCT/JP94/02149, filed on 20
Dec. 1994.

TECHNICAL FIELD

The present invention relates to bearing components for
use 1n anfi-friction bearings as bearing rings or rolling
clements.

BACKGROUND ART

Conventionally, bearing components are prepared from

high-carbon chromium steels typical of which 1s, for
example, JIS SUJ2.

However, JIS SUJ2 has a great carbon content and there-
fore has the problem of being poor in workability and costly.
Further because the carbide resulting from hardening and
tempering 1s relatively great in particle size, the steel has
another problem of being liable to fluctuations 1n life.

An object of the present mnvention 1s to provide a bearing
component which 1s free of the above problems.

DISCLOSURE OF THE INVENTION

The present invention provides a bearing component
made from a steel comprising 0.6 to 0.8 wt. % ot C, 0.05 to
0.25 wt. % of S1, 0.2 to 0.9 wt. % of Mn, 04 to 1.2 wt. %
of Cr, one or both of 0.10 to 0.30 wt. % of Mo and 0.03 to
0.10 wt. % of V, and the balance Fe and inevitable
impurities, the bearing component as hardened and tem-
pered containing carbide having a maximum particle size of
up to 1.5 um, the amount of the carbide being 2 to 7% 1n area
ratio.

The alloy components of the steel are limited for the
following reasons.

C: 0.6 to 0.8 wt. %

C has the property of giving an enhanced hardness on
quenching, but if the content thereotf 1s less than 0.6 wt. %,
there arises the problem that the steel has an insufficient
hardness on quenching, unsatisfactory abrasion resistance
and diminished load carrying capacity, whereas if the C
content 1s 1n excess of 0.8 wt. %, difficulty 1s encountered in
the particle size refinement of the carbide, resulting in
fluctuations 1n rolling life and entailing impaired cold work-
ability due to increased deformation resistance. Moreover,
an 1ncreased cost will result. Accordingly, the C content
should be within the range of 0.6 to 0.8 wt. %, more
preferably within the range of 0.65 to 0.75 wt. %.

Si: 0.05 to 0.25 wt. %

S1 has the property of shortening the time required for
deoxidation. When the content thereof 1s less than 0.05 wt.
%, deoxidation requires a longer period of time to result 1n
an 1ncreased cost. If the S1 content 1s over 0.25 wt. %, on the
other hand, it becomes difficult to spheroidize the carbide,
permitting formation of network carbide and leading to
impaired cold workdability due to increased deformation
resistance. Accordingly, the S1 content should be within the

range of 0.05 to 0.25 wt. %, more preferably within the
range of 0.10 to 0.20 wt. %.

Mn: 0.2 to 0.9 wt. %

Mn has the property of giving improved hardenablhty It
the content thereof 1s less than 0.2 wt. %, this effect
diminishes. On the other hand, Mn contents over 0.9 wt. %
result 1 lower toughness and impaired workability.
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Accordingly, the Mn content should be within the range of
0.2 to 0.9 wt. %, more preferably within the range of 0.2 to
0.5 wt. %.

Cr: 0.4t0 1.2 wt. %

Cr has the property of affording improved strength. If the
content thereof 1s less than 0.4 wt. %, 1t becomes difficult to
spheroidize the carbide, permitting formation of network
carbide. If the Cr content 1s over 1.2 wt. %, a higher cost
results, while the effect to give increased strength levels off.
For this reason, the Cr content should be within the range of
0.4 to 1.2 wt. %, more preferably within the range of 1.0 to

1.2 wt. %.

One or both of 0.10 to 0.30 wt. % of Mo and 0.03 to 0.10
wt. % of V

Mo and V compensate for the impairment of hardenability
that 1s attributable to the contents of the foregoing alloy
components which are made lesser than 1n the usual material
JIS SUJ2, and also have the property of forming a structure
of finer grains. When the Mo content 1s less than 0.10 wt. %
with the V content below 0.03 wt. %, these effects are not
fully available. When the Mo content 1s over 0.30 wt. % with
the V content in excess of 0.10 wt. %, a higher cost will
result. Accordingly, the Mo content should be within the
range of 0.10 to 0.30 wt. %, and the V content within the
range of 0.03 to 0.10 wt. %. It 1s especially desirable that
0.15 to 0.25 wt. % of Mo and 0.03 to 0.05 wt. % of V be

present.

The maximum particle size of the carbide resulting from
hardening and tempering 1s limited to not greater than 1.5
um because 1f the maximum particle size 1s 1n excess of 1.5
um, a shortened rolling fatigue life will result. More
specifically, we have conducted experiments and resecarch
and consenquently established the relationship between the
maximum particle size of carbide 1n bearing components
and the rolling fatigue life (in the presence of grease for
lubrication) as shown in FIG. 1 to find that if the maximum
carbide particle size 1s 1 excess of 1.5 um, the rolling
fatigue life becomes shortened. It 1s especially desirable that
the maximum carbide particle size be up to 1.0 um. In FIG.
1, the solid line represents a case wherein the amount of
carbide 1s 2% 1n area ratio, and the broken line a case
wherein the amount of carbide is 7% 1n area ratio.

Furthermore, the amount of carbide resulting from hard-
ening and tempering 1s limited to 2 to 7% 1n area ratio for
the following reason. The experiments and research carried
out by us have established the relationship between the
amount of carbide in bearing components and the amount of
wear as shown in FIG. 2. We have found that 1f the amount
of carbide in the bearing component 1s less than 2% 1n arca
ratio, the component wears away greatly, exhibiting reduced
abrasion resistance. FIG. 3 shows the relationship between
the amount of carbide 1n bearing components and the rolling
fatigue life (with grease for lubrication), revealing that if the
amount of carbide 1s over 7% 1n area ratio, a shortened
rolling fatigue life results. It 1s especially preferable that the
amount of carbide be 3 to 5% 1n area ratio.

Such bearing components are produced, for example, by
the following two methods.

According to one of the production methods, a steel bar
subjected to a spheroidizing treatment 1s cut to a predeter-
mined dimension, and the cut piece 1s made 1nto a ring by
cold forging and further shaped to a speciiied form by
turning. The shaped piece is then heated at 850° C. for 30 to
40 minutes, thereafter quenched for hardening, and finally
heated at 160° to 180° C. for 1 to 2 hours for tempering,
whereby a bearing component 1s produced.
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According to the other production method, a rolled steel
bar 1s cut to a predetermined dimension, and the workpiece
1s made 1nto a ring by hot forging. The ring i1s then heated
at 760° C. for 6 to 7 hours, thereafter cooled 1n a furnace to
680° C. at a cooling rate of 10° C./hr and further cooled in

air for spheroidizing. Subsequently, the ring 1s shaped to a
specified form by turning. The shaped piece is heated at 850°

C. for 30 to 40 minutes, thereafter quenched for hardening,
and finally heated at 160° to 180° C. for 1 to 2 hours for

tempering, whereby a bearing component 1s produced.

The bearing component 1s made from a steel comprising
0.6 to 0.8 wt. % of C, 0.05 to 0.25 wt. % of S1, 0.2 to 0.9 wt.

% of Mn, 0.4 to 1.2 wt. % of Cr, one or both of 0.10 to 0.30
wt. % of Mo and 0.03 to 0.10 wt. % of V, and the balance
Fe and inevitable impurities. The bearing component as
hardened and tempered contains carbide, 1.5 um 1n maxi-
mum particle size, 1n an amount of 2 to 7% 1n terms of arca
ratio. As compared with conventional high-carbon chro-
mium bearing steels such as JIS SUJ2, the steel 1s superior
in cold workability to provide bearing components which
are prolonged 1n rolling fatigcue life and yet less costly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a graph showing the relationship between the
maximum particle size of carbide 1n bearing components
and the rolling fatigue life.

FIG. 2 1s a graph showing the relationship between the
amount of carbide in bearing components and the amount of
wear.

FIG. 3 1s a graph showing the relationship between the
amount of carbide 1n bearing components and the rolling
fatigue life.

BEST MODE OF CARRYING OUT THE
INVENTION

Examples of the mvention are given below along with
comparative examples.

TABLE 1

Composition of Material (wt. %)

Fe C S1 Mn P S Cr Mo \%
Ex-
ample
1 Bal 0.66 0.12 0.21 0.015 0.004 1.19 0.20 —
2 Bal 0.71 0.18 0.54 0.013 0.005 0988 0.17 —
3 Bal 0.78 0.09 0.84 0.013 0.006 056 0.15 —
4 Bal 0.70 011 0.29 0.013 0.005 1.00 0.05 0.05
5 Bal 0.65 0.13 055 0.013 0.005 046 0.12 0.05
Comp.
Ex.
1 Bal 1.01 0.24 0.42 0.013 0.004 136 0.01 —
2 Bal 0.70 0.16 0.43 0.013 0.005 096 0.03 —
3 Bal 0.69 0.25 1.12 0.014 0.007 037 0.02 —
4 Bal 0.98 0.22 051 0.016 0.005 141 0.15 —
5 Bal 0.75 077 031 0.015 0.005 050 010 —

Disklike samples, 65 mm 1n diameter and 11 mm in
thickness, were prepared from bars of ten different steels
having the respective compositions listed in Table 1, by
subjecting each steel bar to a spheroidizing treatment, there-
after cutting the bar to a predetermined dimension, then
making the bar into a plate by cold forging and machining
the plate by turning. The steel of Comparative Example 1 in
Table 1 JIS SUJ2. Subsequently, each sample was heated at
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850° C. for 40 minutes and thereafter quenched in oil for
hardening. Finally the sample was heated at 160° C. for 2
hours and thereby tempered. The maximum particle size of
the carbide 1n the sample and the area ratio of the carbide
were measured. Table 2 shows the result.

TABLE 2

Carbide area
ratio

Maximum carbide
particle size

(um) (%)
Example
1 0.75 3.6
2 0.81 6.6
3 0.94 3.9
4 0.82 3.8
5 0.69 3.4
Comp. Ex.

1 2.50 8.3
2 0.95 5.8
3 0.70 0.9
4 1.95 8.9
5 0.75 4.7

An assembly of each of the samples, a disk of JIS SUJ2

and balls of JIS SUJ2 1n combination was tested for rolling,
fatigue life 1n spindle o1l #60 with use of a rolling fatigue life
tester of the thrust type, by rotating the JIS SUJ2 disk at a
speed of 1800 c.p.m. to thereby roll the JIS SUJ2 balls while
applying a thrust load to the sample to produce a contact
stress of 5320 MPa. The ratio of the life of each sample to
B, life of the sample prepared from the bearing steel (JIS
SUJ2) of Comparative Example 1 was determined, the life
the the comparative sample being calculated as 1. The result
1s given 1n Table 3.

A solid cylindrical sample, 6 mm 1n diameter and 12 mm
in length, was prepared from each of ten different steel
materials having the respective compositions shown 1n Table
1 after subjecting the material to a spheroidizing treatment.
At a temperature of 25° C., the sample was deformed by
restrained compression at compressibility of 60% to mea-
sure the deformation resistance and determine the ratio of
the resistance to the deformation resistance of the sample
prepared from the bearing steel of Comparative Example 1,

the latter resistance being calculated as 1. The result 1s given
in Table 3.

Further each of solid cylindrical samples prepared 1n the
same manner as above was deformed by restrained com-
pression at a temperature of 25° C. while varying the
compressibility stepwise, by 5% at a time, to determine the
lowest compressibility (limiting compressibility) at which
the sample developed a crack. Table 3 also shows the result.

TABLE 3
Deformation Limiting
resistance COMPIess-
Life ratio ratio ibility
Example
1 2.2 0.88 78%
2 1.5 0.91 75%
3 1.8 0.93 75%
4 2.0 0.87 76%
5 1.5 0.85 80%
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TABLE 3-continued

Deformation Limiting
resistance COMPIess-
Life ratio ratio ibility
Comp. Ex.
1 1 1 70%
2 0.86 0.95 73%
3 0.85 1.08 68%
4 1.4 1.11 70%
5 1.5 1.20 68%

INDUSTRIAL APPLICABILITY

The bearing components of the present invention are
suitable for use 1n anti-friction bearings as bearing rings and
rolling members.

We claim:

1. A bearing component made from a steel consisting
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essentially of 0.6 to 0.8 wt. % of C, 0.05 to 0.25 wt. % of "

S1, 0.2 to 0.9 wt. % of Mn, 0.4 to 1.2 wt, % of Cr, one or both
of 0.10 to 0.30 wt. % of Mo and 0.03 to 0.10 wt. % of V, and

of the balance Fe and inevitable impurities, wherein the
bearing component has been hardened and tempered and

contains carbide having a maximum particle size of up to 1.5
um, the amount of the carbide being 2 to 7% 1n area ratio.
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2. A bearing component as defined 1n claim 1 which has
a C content of 0.65 to 0.75 wt. %.

3. A bearing component as defined 1n claim 1 which has
an S1 content of 0.10 to 0.20 wt. %.

4. A bearing component as defined 1n claim 1 which has
an Mn content of 0.2 to 0.5 wt. %.

5. A bearing component as defined 1n claim 1 which has
a Cr content of 1.0 to 1.02 wt. %.

6. A bearing component as defined 1n claim 1 which has
an Mo content of 0.15 to 0.25 wt. %.

7. A bearing component as defined 1n claim 1 which has
a V content of 0.03 to 0.05 wt. %.

8. Abearing component as defined 1n claim 1 wherein the
maximum particle size of the carbide 1s up to 1.0 um.

9. Abearing component as defined 1n claim 1 wherein the
amount of the carbide 1s 3 to 5% 1n area ratio.

10. The bearing component of claim 1 having a Mo
content of 0.10 to 0.30 wt. % and a V content of 0.03 to 0.10

wt. %.
11. The bearing component of claim 1 having a Mo
content of 0.15 to 0.25 wt. % and a V content of 0.03 to 0.05

wt. %.
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